Pulsed arc welding is used for improvement of welding quality and stability. However, welding defects readily occur when welding is used under inappropriate parameters. Properties of arc and energy balance are very important for TIG welding. However, the theoretical elucidation of a transient arc has not been described quantitatively. As described in this paper, the temperature distribution is calculated under consideration of Fe vapor, which changes the energy balance of the arc and anode surface condition as a function of current. Consequently, expansion and contraction of the high-temperature area depends on the Fe vapor. During the peak current period, the increment of the high-temperature area slows when Fe vapor is a contaminant. During the base current period, decrement of the high-temperature area occurs rapidly when Fe vapor is a contaminant. The increment of radiation power and electrical conductivity alters properties such as the temperature and the axial flow velocity. Effects of the Fe vapor depend on its distribution because the temperature distribution depends on the current waveform. The relation between the current waveform and Fe vapor distribution was assessed. Three calculation conditions of the peak and base current were calculated as parameters. During the peak current period, the Fe vapor distribution differs in the case of current waveform. However, it is almost identical during the base current period. For pulsed TIG welding, metal vapor distribution changes instantaneously; its effects for properties of transient arc change as well.
Introduction
In arc welding, a pulsed current is used to improve welding speed and quality. Pulsed arc welding has been used widely in conjunction with the improvement of power supply performance.
For consumable electrodes such as those used in MIG and MAG welding, it is mainly used to control a droplet transfer. For TIG welding, it is used to control the heat transfer, with improved stability and high-speed welding with small current. In pulsed arc welding, the frequency is changed normally. However, welding parameters such as frequency, current waveform, and welding speed are determined empirically. For TIG welding, arc property and energy balance changes are more important than those of MIG and MAG welding because TIG welding has no droplet. Especially when the frequency rises, discussion of the steady state is insufficient for pulsed arc welding because the transitional time is long.
In addition, metal vapor 1) exerts effects at the time of welding according to arc characteristics. Especially, radiation power and electrical conductivity change depending on the energy balance.
The metal vapor distribution is considered important for the temperature distribution in pulsed TIG welding. However, this effect has not been discussed; it is difficult to elucidate it experimentally. Therefore, using MHD simulation, the Fe vapor distribution is calculated for this study. Then the temperature distribution is calculated under consideration of the change of the properties. Additionally, the peak current and base current are changed to elucidate the relation between the current waveform and metal vapor distribution.
Calculation methods
The calculation condition of the plasma arc is affected by (1) the local thermal equilibrium (LTE), (2) chemical equilibrium, (3) optically thin plasma, (4) absence of turbulence, and (5) the cylinder axis object of the arc. The calculation model, simultaneous equations of MHD, thermal and transport properties, and the pulsed current waveform were used for this simulation.
Pressure and velocity were calculated using SIMPLER method 2) .
Calculation model

Figure 1 depicts the calculation model. The purpose is to
analyze the properties of the pulsed arc under consideration of metal vapor. Therefore, the TIG welding was simulated; the droplet transfer was not considered. The cathode was tungsten; the anode was SUS304. The electrode gap was 5 mm. Gas is Ar and flow rate was 10 slm at B-C. Table 1 presents the boundary conditions. The calculation area circumference was 300 K. Figure 2 shows the current waveform used for this calculation:
Current waveform
it had 250 Hz frequency and a 50% duty rate. The three calculation
conditions of the peak and base current are used. 
MHD equations
The MHD equations used in this calculation are shown below.
Mass conservation equation
In those equations, the following variables are used: r and z (m) 
Fe vapor distribution
The Fe vapor distribution is calculated using eqs. (8) and (9).
The concentration of Fe vapor on the anode surface is calculated from the surface temperature and the saturated vapor pressure. 
Fe vapor conservation equation
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Coefficient of diffusion for Fe vapor
Weld pool
The heat flux to electrodes is calculated using the unified model (cathode -arc -anode). The formula used for calculation is shown below. ). In this calculation, SUS304 is  a =4.65 eV, (in thoria) tungsten is  c =2.9 eV.
Heat flux to electrodes
The pressure and concentration of the Fe vapor depend on the anode surface temperature. Therefore, it is necessary to calculate the convection flow and temperature distribution in the weld pool.
The driving force is considered in the pool; the following four forces are considered 4) .
Electromagnetic force
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Drag force
This is calculated in the momentum conservation equation.
Marangoni effect
In those equations, mrepresents the surface tension, (1/K).
Properties of Ar-Fe
The radiation power and electrical conductivity increase when the Fe vapor is contaminated with Ar. Figure 3 Linearly interpolated properties related to concentration and temperature are used. the relation between the current waveform and entry location of more 0.05% concentration area. During the base current period, the difference of the entry location under the current waveform is slight. It becomes large during the peak current period. In the case of the high peak current or big difference between peak and base current, the Fe vapor entry location becomes narrow. Because the difference of axial flow velocity is slight during the base current period, while it is big during the peak current period, the thrust force to the anode surface becomes more dominant than the small peak current.
Results and discussion
Conclusions
The change of the temperature distribution is calculated under enters near the cathode when the peak current is large.
